Abstract: A large part of the wastewater generated by the Chemical and Transformation Industries are discharged with the presence of organic pollutants, in many cases they contain refractory organic compounds such as formaldehyde in a very low concentration for their recovery to be profitable, but it is high enough for to constitute a source of important pollution, which causes a loss of biodiversity and retards sustainable development. In the present work, the elimination of formaldehyde by the catalytic wet oxidation reaction is evaluated as part of the tertiary treatment of aqueous effluents in a three-phase reaction system, using copper and cobalt mixed oxides catalysts supported in alumina (alpha phase), the results of the characterization of the catalyst used are also shown, by conventional techniques.
Introduction
A large part of the wastewater generated by the chemical industry and the transformation are discharged with the presence of organic pollutants, in many cases contain refractory organic compounds such as formaldehyde in a very low concentration for their recovery to be profitable, but it is high enough to be a source of significant contamination [1] . Given this scenario, it is necessary to search for technologies that effectively treat this type of contaminated effluents and contribute to reducing the impact caused by a loss of biodiversity and delaying sustainable development [2] .
The heterogeneous catalysis is widely used in industrial processes for its advantages, such as: high activity, selectivity and easy recovery, so the use of catalysts to improve the processes of the chemical industry and environmental protection is considered one of the pillars of green chemistry.
The application of systems based on CeO2 as catalysts for the elimination of pollutants is very broad and includes as metals supported mainly to noble metals, however, the high cost of these, promotes the investigation of other catalytically active phases that include metals, such as: Copper, Cobalt. The catalysts based on mixed oxides Ce-Co, have a good activity in the oxidation of CO, and show that the incorporation of Co improves the initial reaction speed, given that the Co influences directly, improving the catalytic activity with respect to the catalyst monometallic [3] .
The catalysts whose active phase is based on CeO2, are of great interest due to their applications in catalysis and since they can be the basis of different mixed oxides, the importance of cerium oxide is due to its ability to function as a buffer of storage of oxygen linked to the facility to transit between the oxidation states of Ce 4+ to Ce 3+ , that is, of its redox properties [4] .
However, the use of CeO2 is limited due to its low specific area.
In order to increase its thermal stability to CeO2, several studies have been carried out incorporating transition metal cations (Al 3+ , Si 4+ , Ti 4+ , Zr 4+ , Li 3+ , etc.) into the crystalline structure, observing, in some cases, favorable changes in redox properties and/or in its thermal stability [5] .
So in this work formaldehyde mineralization is raised by a catalytic technique, which is the Catalytic Wet Oxidation (CWO) using as a catalyst a mixed oxide of Ce-Cu-Co supported in alumina and characterized by different techniques such as: XRD, SEM/EDS, TPR and FTIR.
Materials and Methods
For the synthesis of the mixed oxide catalyst, solutions of precursor salts of: Ce(NO3)3·6H2O with 99% purity, for copper oxide Cu(NO3)2·2H2O at 99% and for cobalt oxide were realized used the precursor salt of Co(NO3)2·6H2O with 98% purity, Sigma-Aldrich brand varying the molar concentrations of the solutions being the solution of precursor salt of cerium the highest concentration. The wet impregnation method was used using a porous commercial alumina material (alpha phase) as a support. The materials after impregnation were allowed to dry at room temperature for 24 h and subsequently calcined at 350 °C for 2 h.
To be characterized by the following techniques: X-Ray Diffraction (XRD) in a Philip model X'pert diffractometer with a scanning angle of 2θ, Fourier Transform Infrared Spectroscopy (FTIR), was performed on a Varian model spectrometer Excalibur 3600 working in the region of the infrared medium, the Elemental Chemical Analysis (SEM/EDS) in a supra 55VP microscope of the Carl Zeiss brand with a secondary electron detector, Thermo Programmed Reduction (TPR), in a brand equipment Bel Japan using a reducing atmosphere.
Oxidation of formaldehyde was carried out by means of the CWO reaction in a Parr-type slurry reactor, having as operating variables the temperature of 25 and 60 °C and the pressure of 1 and 2 atmospheres of air used as oxidizing agent, with a mass ratio of catalyst per litter solution of 1 g/L, with an initial concentration of 100 ppm of formaldehyde; in all the case studies, the reaction time was 4 h and monitored every 30 min by taking the pH reading and doing chromatographic analysis of each sample taken in liquid phase.
The CO2 product of the CWO was bubbled into a solution of Sr(OH)2 in order to capture the gas product of the mineralization in the form of carbonate, which was identified by FTIR, also the residual catalyst was analyzed by FTIR for identify possible products adsorbed on its surface.
Results and Discussion
In Figure 1 , the XRD diffractogram of the mixed oxide catalyst Ce-Cu-Co/α-alumina is shown, where the characteristic pattern of the commercial alumina in its alpha phase and the cerium oxide is observed, as well as the characteristic signals of the cerium oxide, with greater intensity compared to those of copper, or those of cobalt, these signals correspond to the cubic structure centered on the faces, characteristic of fluorite, and according to what is reported in the literature, also characteristic of the mixed oxides based on cerium, in the planes (111), (200), (220), (311), (222) and (400) [6] . A greater intensity was observed in the characteristic peaks of cerianite compared to copper or cobalt peaks because the cerium precursor solution was prepared with higher concentration.
The SEM/EDS analysis shows the typical morphology of the alumina support in its alpha phase with a homogeneous distribution of incorporating particles corresponding to the metals of Ce, Co and Cu, with a higher percentage of weight in Ce. In the Figure 2a shows the micrograph, analyzed by backscattered electrons (AsB), of an alpha-alumina grain coated with small particles corresponding to metals (whiter and brighter areas). Figure 2b shows the micrograph of the analysis with secondary electrons (SE2) and at higher magnifications, where the characteristic crystals of commercial alumina in alpha phase, coated with metal oxides, are observed. Figure 2c presents the elemental analysis (SEM/EDS) where a higher weight percentage of Ce content is observed, compared to the Cu and Co content, since during the synthesis of the catalyst, a higher concentration was used for the precursor solution of cerium oxide. Figure 3, presents the TPR of both the alumina commercial support and the Ce-Cu-Co/Al2O3 powder catalyst, the support has two signs of hydrogen consumption at high temperatures, the first starting at 450 °C, with a maximum at 550 °C and the second with a maximum at 630 °C, while the catalyst presents three peaks of hydrogen consumption, the first with a maximum at 170 °C, the second at 190 °C and the third at 223 °C, which suggests that there is a strong interaction between the three metal oxides induced by the establishment of an intimate contact between the three metals [7] . The results of catalytic activity have shown that it is possible to eliminate formaldehyde through advanced oxidation processes such as CWO (Figure 4a ). The effect of pressure and temperature are very marked since the highest percentage of elimination of the contaminant was obtained at the temperature of 60 °C and at the pressure of two atmospheres of oxidizing agent. The conversion rate of formaldehyde ranged from 30 to 65%. The pH reading showed a decrease in acid scale, obtaining values in a range of 6.60 to 4.53 that could be indicative of the presence of carboxylic acids of low molecular weight at low concentrations not detectable by gas chromatography. FTIR analyses [8] made to the catalysts after reaction showed adsorbed secondary products (not shown here).
On the other hand, the analysis by FTIR of the precipitate generated confirmed the formation of strontium carbonate [9] which confirms the degradation of the contaminant by the CWO to the mineralization (Figure 4b ). 
Conclusions
The SEM/EDS and XRD of the samples, verify the presence of the metals that make up the mixed oxide on the alumina support. The TPR of the material shows a strong interaction between the three metals and the alumina support, so we can conclude that the preparation method was adequate. The results of CWO showed that the elimination of HCOH at the temperature of 60 °C and the pressure of two atmospheres of oxidizing agent is possible and the results of the FTIR analysis of the precipitate generated confirmed the formation of the carbonate product of the mineralization of the pollutant to CO2.
